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TRANSPARENT METAL ARD NEW POYENTIALITIES
FOR_OFTICAL STHESS TECTIRG

G. Rozenberg

One of the most noverful methods for studying the stresses arieing in
various parts bf constructiens is the optical methodi. Such atulies are of -
necessity conducted on models made from transparen’ seterial. Inasmuch as
emorphous materidle {(glass, plastics, ets.) are used for modeling, the
jroblems that mhy be atuldied by this method are limited to those in which
1t 1s possible to Alardgerd the structurs of tie metal and conelder it en

" 1gotropic homogendoue bvody. Thue, such fmportant phencmena as cold hardenfing,
oreep, fatigue, vesiflual niressen, reorystallization, and £11 problems con-
cerned vith heat ireating and celd working of astals cannot be atudied by

thie method.

The most important problem therofore, from the standpolnt of further

meloment of the mIthod towvard direct solution of production problems, is

t of finding traupparent materials vhich have & polycrystalllo structurs
and mechanical prepertiss epmroximating those of motals. Thie problem wan
solved by A. V. Stepanov (AnTF, 19, 205, 1949) in the leningrad Fhgeloe-
technical Institiité, Acaliemy of Solences USSR. 4s early aas 1933, he egtab-
1ished that halide galts of silverdind thalllum and various alleys based tn
them fully satiefy s raquirements. Frem the etandpointiaf mlcro-
atructure and mechanical properties, these substances, of which gilver chloride
13 a typical répresentative, act exactly like metals and, being transparent, =
may be called "tranmperent metals.” .

Acoording to Stapanov's research, silver chloride, orystallizing in a
cibical form, forms hemogeneous transphrent polyorystallic specimens which
easily undergo all the forms of hot and ocold vorking applied to metals, in-
¢luding poutring, staping, annealing, outting, etc. As with metals, 1t 1s
possible, by varying the treating mstholls, to modify the crystal sGuwture
of the epecimen made from AgCl and thud oliange ita mechanicel propérties.
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. : Gl wtpurvles ol ellver chlorids showed that
3 progertles similar to coppsr but with abtout one
tenth the normal strsugth of copper. Externally, 1t resembies lead; 1% is
easlly bent and can be scratehed with a knife. Silver chlorids, like metsls
hag the ability %o harden am & reault of plastic deformation (cold hardenings,
and this hardening may be removed ty ann2aliug either as a result of simply
removing the stress (relaxaticn) or as a result of recrystallization, At
roam temperature, processss leading o removal of cold hardening are practically
absent; retention of cold hardening over a parloed of 2 vears has baen observed.

Young's modulus for & pressed opsciren In & cold-hardensd state is about
L,500 kilograma par squars millimeter,

3ilver chleoride crystals ars.opileally isotronic when unloaded, Double
refraction occurs under the actlon of external loada, disappsaring as the
load 1a removed, Internal residual stresses in the epesimen are accanpanied
by resldual double refrastiicn, whi:h disappears (along with the s4resses) as
a result of propsr heat treating.

Silver chloride pleces are ununlly yollow or violet and have an oily
gloss. The color can be oliminated through the use of light f1lters which cut
off the active vart of the spectrnm.

Since gilver -hloriae and cthsr "traneparent metals" have siructures,
mecnanical properiioy, and meilunlsm: of stress redistributlons under the aciion
-of external facture which erc gualiistivaly similar to thess posusessed by
metals, they are invalusble for modeling purposes and disclose new
potentiallities for uptical methcds cf studying stresses. With thelr aid, 1t
may %o possible to study those processes which could not te studied previously,
such we e inversuiion petween grains and the bounderiss between chem, re-
lexation, recrystallization, kinetlce of metalworking processes including
forging, rolling, annealing and cutting, residua) stresses, etc.

Az exomples of tho applicability of “transparent metals® for studies cf
thip kind, Stepancv listed same of the resulte of his studies of rosldual
stresses and their changss wi*h tfwe, stresses during iensicn and cilrcular
bending of a polycrystallic specimen, and the behavior of Individual graing
In large-crymtal specimens in cempression and extenmsion. In the latter case,
he noted that, Jespite the homogensity of the fixed external load, the stresses
vithin the specimen varled from point to polnt in voth magnltude and dirsction,
Moreover, the stresmses also changed within a single grain.

Stepanov algo introduced a photograph (using a light filter) of a larga-
crystal apecimen under losd obtrined with crossed Niccl prisme (streesas of
820 grams rer squars miilimeter, area 8 by 2 square millineters; the axes of
the Flcol prisme were placed at un angle of 45 degrees with the direction of
elongaticn), This pha{"bogra.ph, which clearly shows the boundaries between
¢rystals, reprepents the stress states of Individual sections of the specimen,
deternlned not only by the external forces, but also by the intoraction of the
graine {anlsotropy of the crystal's slastic constants). Thie dlcture comes out
very well in the coler photography used in the work.

Stepanov points out that removal of the load causes the plcture to disappear
for small loads. But 1f the load excesds & certaln (low) value, then
residual atresees are observed, being localized chiefly along the boundaries
of the graing and the shear lines.

Ho ale> pointe out the necessity for studying further the properties of
"ransparent metals" and for developing the laws of modeling and similerlty
{d4monsfonal analysis), Thore 1s no doubt that "transparent metals" will be
uged In the vory neer futwre for atudylng processer occurring in real metals.,
It is hoped that they will solve a mumter of very important practical problems.

-END -

-2 -

CONFIDENTIAL
SRR PALY
U\_,i..iwi.‘-..[...‘- E J -]

-

Sanitized Copy Approved for Release 2011/09/13 : CIA-RDP80-00809A000600260575-5



